Fluorescence yield near-edge spectroscopy (FYNES) above the carbon K edge and temperature programmed reaction spectroscopy (TPRS) have been used as the methods for characterizing the reactivity and structure of adsorbed aniline and aniline derived species on the Ni(100) and Ni(111) surfaces over an extended range of temperatures and hydrogen pressures. The Ni(100) surface shows appreciably higher hydrogenolysis activity towards adsorbed aniline than the Ni(111) surface. Hydrogenolysis of aniline on the Ni(100) surface results in benzene formation at 470 K, both in reactive hydrogen atmospheres and in vacuum. External hydrogen significantly enhances the hydrogenolysis activity for aniline on the Ni(100) surface. Based on spectroscopic evidence, we believe that the dominant aniline hydrogenolysis reaction is preceded by partial hydrogenation of the aromatic ring of aniline in the presence of 0.001 Torr of external hydrogen on the (100) surface. In contrast, very little adsorbed aniline undergoes hydrogen induced C-N bond activation on the Ni(111) surface for hydrogen pressures as high as 10 -7 Torr below 500 K. Thermal dehydrogenation of aniline dominates with increasing temperature on the Ni(111) surface, resulting in the formation of a previously observed polymeric layer which is stable up to 820 K. Aniline is adsorbed at a smaller angle relative to the Ni(111) surface than the Ni(100) surface at temperatures below the hydrogenolysis temperature. We believe that the proximity and strong g-interaction between the aromatic ring of the aniline and the surface is one major factor which controls the competition between dehydrogenation and hydrogen addition. In this case the result is a substantial enhancement of aniline dehydrogenation relative to hydrogenation on the Ni(111) surface.
Introduction
Hydrogenolysis of organonitrogen compounds on transition metal surfaces plays an important role in a wide range of catalytic processes. A series of aniline hydrogenolysis experiments in reactive hydrogen atmospheres are reported here 1 To whom correspondence should be addressed.
9 J.C. Baltzer AG, Science Publishers and are compared with reactivities observed in the absence of external hydrogen. Spectroscopic studies have been used to establish correlations between the structure of the primary adsorbed species and their reactivity on two nickel single crystal surfaces.
Recent studies on the Pt(111) surface indicated that C-N bond activation in adsorbed aniline is substantially enhanced in the presence of external hydrogen [1, 2] . The enhanced hydrogenolysis rate is associated with an increased supply of hydrogen at reaction temperature and a parallel adsorption geometry for the reactive intermediate. In contrast to the results for nickel discussed here, on platinum the primary aniline derived surface intermediate retains its aromatic character until it reaches hydrogenolysis temperature in the presence of hydrogen. In the absence of hydrogen, the adsorbed intermediate tilts away from the surface because of partial aniline dehydrogenation below the C-N bond cleavage temperature.
Adsorption of aniline has previously been studied on evaporated nickel films [3] . Aniline was found to adsorb both molecularly via the n-electrons and dissociatively via an anion formed by the release of a proton from the amino group. On well-defined nickel single crystal surfaces under ultrahigh vacuum (UHV) conditions, adsorbed aniline is thought to form polyaniline, an unreactive aromatic surface polymer which is stable to above 600 K [4, 5] . Polymerization is believed to occur when surface activated ring carbon atoms lose their hydrogen and react with the amino groups on adjacent aniline groups. We find that aniline hydrogenolysis competes with dehydrogenation and polymerization in the presence of hydrogen atmospheres. The extent of aniline hydrogenolysis is larger on the open Ni(100) than on the close-packed Ni(111) surface, and increases with the pressure of surface hydrogen available during reaction. Both the surface structure and hydrogen availability play a key role in modifying the structure of reaction intermediates and the dominant surface reaction pathways.
Experimental
The structure and reactivity of chemisorbed aniline has been studied both under UHV conditions (-.~ 10 -1~ Torr range) and in hydrogen pressures up to 0.01 Torr. Gas phase surface reaction products were monitored with a multiplexed mass spectrometer for temperature programmed reaction spectroscopy (TPRS) performed in an ultrahigh vacuum (UHV) system. Spectroscopic X-ray absorption measurements were performed to characterize the surface structure of aniline derived surface species using continuously tunable ultrasoft X-ray (270-330 eV) from a synchrotron radiation source. These X-ray absorption experiments, as described elsewhere [2] , were performed as general users on Exxon's U-1 beamline at the National Synchrotron Light Source. The electronic structure and orientation of adsorbed surface intermediates were characterized using near-edge X-ray absorption fine structure (NEXAFS) detected using fluorescence yield (FY). The
